The apolipoprotein E single-nucleotide polymorphisms are among the potential candidate genes that may serve as modulators in susceptibility to essential hypertension. In an effort to clarify earlier inconclusive results, we performed a meta-analysis of population-based case-control genetic association studies. Random-effects methods were applied on summary data in order to combine the results of the individual studies. We identified in total 45 studies, including 13 940 hypertensive cases and 16 364 controls. The contrast of E4 carriers versus non-carriers yielded an overall odds ratio (OR) of 1.16 (95% confidence interval (CI): 1.02, 1.31), whereas the contrast of E4 allele versus the others in a subtotal of 6617 cases and 7330 controls, yielded an OR of 1.39 (95% CI: 1.12, 1.72). There was moderate evidence of publication bias in both contrasts, which was eliminated after excluding studies not in Hardy-Weinberg equilibrium. Subgroup analyses revealed that significant estimates arose from studies on Asian populations, as opposed to the Caucasian ones. Furthermore, no evidence of publication bias was demonstrated in the comparisons within this subgroup. Our results are consistent with recent meta-analyses but show that the association is weaker than that has been previously demonstrated. Further studies are needed in order to fully address questions about the etiological mechanism of the particular association, as well as to study the effect in populations of African descent. (2013) 27, 245-255; doi:10.1038/jhh.2012.37; published online 13 September 2012
INTRODUCTION
A family history of hypertension is present in as many as 70-80% of all patients with essential hypertension and in B50% of hypertensive children. It has been estimated that genetic factors account for B30 of the variation in blood pressure (BP) in various populations and as much as 60-70 of hypertension in families. 1 Although a number of individual genes and genetic factors have been linked to the development of essential hypertension, multiple genes most likely contribute to the development of the disease in a particular individual. Apolipoprotein E (ApoE) was first identified in 1973 in human very low density lipoprotein 2 and has been implicated in the development of hypertension. ApoE is the primary ligand for two receptors, the low density lipoprotein (LDL) receptor found on the liver and other tissues, and an apoE-specific receptor found on the liver. Allelic variation in apoE is consistently associated with plasma concentrations of total cholesterol, LDL cholesterol and apolipoprotein B (the major protein of LDL, very low density lipoproteinL and chylomicrons). There are three different apoE alleles in humans: E2, which has cysteine residues at positions 112 and 158; E3, which occurs in 60-80 of Caucasians and has cysteine at position 112 and arginine at position 158; and E4, which has arginine residues at positions 112 and 158. The various apoE isoforms interact differently with specific lipoprotein receptors, ultimately altering circulating levels of cholesterol. While apoE4 and E3 bind with approximately equal affinity to lipoprotein receptors, apoE2 binds with o2 of this strength. 3 The difference in uptake of postprandial lipoprotein particles results in differences in regulating hepatic LDL receptors, which in turn contributes to genotypic differences in total and LDL cholesterol levels via the lipid-lowering effect of apoE2 and the lipidincreasing effect of apoE4.
Dyslipidemia and hypertension occur together more often than can be explained by chance. Adverse lipid levels appear to predate the onset of hypertension by years. Atherogenic dyslipidemias could lead to hypertension by several mechanisms including atherosclerosis leading to reduced elasticity, endothelial dysfunction resulting in reduced nitric oxide production and lipid-mediated damage to the renal microvasculature. 4 Finally, dyslipidemia and hypertension represent two of several components of the metabolic syndrome that may share common mechanistic pathways.
Smoking-related oxidative stress causes tertiary conformational alterations and disrupts the functional integrity of apoE, which likely interferes with its role in regulating plasma cholesterol homeostasis. Studies which explored the gene-environment interactions between apoE gene polymorphisms and cigarette smoking in coronary heart disease (CHD) patients showed that smoking interacted with apoE on CHD risk where the E2 allele counteracted CHD risk from smoking, while the E4 allele was seen to potentiate this risk. 5 However, it is not known whether the synergistic effect between smoking and apoE influences hypertension.
Several studies have evaluated the relationship between apoE genotypes (particularly the E4 allele) and the incidence of hypertension, often yielding conflicting results. However, these reports may have been both underpowered to detect the true relationship and also subject to publication bias. To overcome these issues, we conducted a carefully designed and complete meta-analysis of all available population-based case-control (either a retrospective or a cross-sectional one) genetic association studies relating apoE polymorphisms and hypertension.
MATERIALS AND METHODS

Retrieval of published studies
We used PubMed (http://www.ncbi.nlm.nih.gov/sites/entrez) and Scopus (http://www.scopus.com) to identify case-control studies containing data of apoE genotypes on hypertension among unrelated subjects. We additionally required that there were sufficient published data on the genotypes or allele frequencies for determining an estimate of relative risk (that is, odds ratio (OR)) and its corresponding confidence interval (CI). We extended our search in studies correlating apoE with other morbidities if data associating apoE and hypertension were present. Studies evaluating secondary hypertension or other types of monogenic hypertension were excluded. The queries used for the search were 'Apolipoprotein E or ApoE' combined with 'gene or polymorphism or variant or allele or mutant or mutation' and 'hypertension or BP or systolic BP (SBP)', all of which were MeSH terms (Medical Subject Headings in the US National Library of Medicine). We also searched publications mentioned in the 'related articles' option in MEDLINE (Bethesda, MD, USA), as well as reference lists of all retrieved studies to identify for other relevant publications. If there were multiple publications from the same study group, the most complete and recent results were used. We did not restrict on the basis of the language and we translated studies in languages other than English in order to avoid local literature bias. 6 To avoid selection bias, no study was rejected because of poor quality data. 7 Furthermore, no quality scoring was attempted, as it involves subjective assignment of points, and modern approaches advocate against it. 7 Instead, we considered as a better choice to try investigating the sources of heterogeneity directly, incorporating various study-level covariates in a meta-regression, as well as performing subgroup and sensitivity analyses (see Statistical analysis section). We conducted a systematic computerized literature search for papers published as of 20 June 2010. The full text of the retrieved articles was read to decide whether information on the topic of interest was included.
Data extraction
Two reviewers (SS, PGB) independently examined the retrieved articles in order to extract the information needed using a data collection form. From each study the following data were abstracted: publication data, first author's last name, year of publication, ethnicity and country of the population studied, study design, the number of individuals in both the case and control groups with each different genotype tested and average case and control characteristics (systolic BP, diastolic BP, anti-hypertensive medications, possible co-morbidities, smoking habits, alcohol consumption, latitude, details about matching of cases and controls) within each study. Information on Hardy-Weinberg equilibrium (HWE) among the controls was collected or calculated if the genotype data were available. Following data extraction, discordances were adjudicated by discussion between the authors and a consensus was reached.
Statistical analysis
The OR was used to compare contrasts of the alleles and genotypes between cases and controls. In case of zero cell counts a continuity correction was applied by adding 0.5 to all the cells of the contingency table. Initially, for avoiding multiple comparisons comparing the effect of the genotypes against a reference genotype, we used a multivariate randomeffects method of meta-analysis that takes into account the pairwise correlations of the ORs. 8 Genotype E3/3 was chosen as reference category (baseline) for this analysis as it is the most common among the healthy and diseased subjects with a frequency of about 67%, as well as because the literature suggests that this is the 'wild-type' genotype. Afterwards, we proceeded by grouping the genotypes and allele carriers in order to derive a summary OR for the most likely genetic model of inheritance. We calculated combined ORs along with their 95% CIs for each genotype or allele contrast (that is, E2 carriers versus the others, E2 alleles versus the others and so on) using a standard random-effects method. 9 Subgroup analyses were conducted appropriately in order to investigate the effect of dichotomous variables (racial descent of the populations, studies involving subjects with co-morbidities, deviations from HWE, and so on), whereas meta-regression analysis was carried out for continuous variables. The inconsistency index I 2 (ranging from 0-100%) was also calculated for the percentage of observed between-study variability that was due to heterogeneity rather than chance. 10 w 2 tests for heterogeneity were also performed to assess between-study and between-group heterogeneity.
The combined ORs along with their corresponding 95% CIs, were estimated using the random-effects method, 9 which in the presence of heterogeneity is more appropriate as it is prudent to take into account an estimate of the between-study variance (t 2 ). If heterogeneity is absent, t 2 equals zero and thus the random-effects and the fixed-effects models provide essentially the same results. Using the random-effects models, we could also extend the analysis by incorporating various study-level covariates as linear predictors, in order to estimate the extent to which these covariates explain the observed heterogeneity. This approach thus yields a random-effects meta-regression, 11 where the component of betweenstudies variance is estimated by the restricted maximum likelihood method. Random-effects meta-regressions were performed using as covariates various average study characteristics, such as the mean SBP, mean diastolic BP, anti-hypertensive medications, co-morbidities, the latitude of the city in which the study was conducted and so on.
Publication bias or other small-study-related bias was evaluated using the rank correlation method of Begg and Mazumbar. 12 For the same purpose, we also conducted a random-effects weighted regression 11 of logOR i against its estimated standard error (se i ). This method constitutes the random-effects analog of the Egger's regression method 13 and it was performed as the fixed-effects regression method of Egger might provide false-positive evidence for publication bias in the presence of heterogeneity. In addition, clustering the available studies according to their sample size and performing subgroup analyses should be considered as an equivalent (and may be more crude) approach.
In an attempt to identify potential influential studies, separate analyses were undertaken. This was achieved by performing a sensitivity analysis, in which we calculated the random-effects estimates by removing an individual study each time and then checked whether any of these estimates can bias the results if the overall significance of the estimate is altered. Furthermore, as another kind of sensitivity analysis, we undertook separate analyses for 'normal' hypertensive subjects excluding studies performed on various populations in which the cases or controls suffered from other diseases (for instance familial hypercholesterolemia, CHD or cerebrovascular disease) or in populations in which the genotype distribution in controls deviated from the HWE.
14 For testing deviations from the HWE in controls and given that we have to deal with multiple alleles, we used a specialized method along with the accompanied software (http://www.biology.ualberta.ca/jbrzusto/hwenj.html). 15 Likewise, cumulative meta-analysis 16 was performed in order to identify a possible trend of the combined estimate over years, a situation that often introduces a special form of bias (the so called 'Proteus phenomenon' or the 'winner's curse') in genetic association studies. 17 For the detection of the time-trend, we used the standard cumulative meta-analysis approach, 16 which consists of visually inspecting the plot and a recently proposed regression-based method. 18 For all analyses performed, the statistical package Stata 10 (Stata Corporation, College Station, Texas, USA) was used. In all analyses statistically significant results were declared as those with a P-valueo0.05.
RESULTS
The initial literature search yielded 421 published articles. After that and the subsequent screening, we came up with 45 research studies reporting data for a healthy (normotensive) group and a hypertensive patients group. Some of these papers contained information about populations of non-distinct racial descent and thus they were considered as mixed populations. [19] [20] [21] [22] Two initially identified studies were excluded, as they contained overlapping subsets of individuals with other studies already included. 22, 23 Several studies were discarded because they did not report data that could be used in the analysis (that is, the genotypes, the E4 carriers or the E4 allele frequencies for the contrasts between cases and controls) or they did not report data for the control group. Usually, these were studies in which hypertension was not among the primary end points.
The identified studies contained in total information for 16 364 healthy (normotensive) subjects and 13 940 hypertensive patients.
Two of the identified studies used a family-based design 20, 24 and one used a subset of individual twin participants. 25 Two studies were written in languages other than English (one in French and one in Portuguese) 26, 27 and these were retrieved, translated and included in the analysis. We found 27 studies on Caucasian or European-descent populations, 14 studies on Asian-descent populations, whereas 4 studies reported data incorporating populations of mixed origin (White/African-American/Hispanic/ Asian/other or recruitment from different countries or no data for the racial descent). Only 21 of the included studies contained complete information about the patients' and controls' genotypes. For these studies we found that, in six studies the control groups were indeed in HWE. 23, [28] [29] [30] [31] [32] For the remaining 24 studies that did not report full genotype data, it is apparent that deviations from HWE could not be detected. The detailed characteristics of each study (country conducted, racial descent of subjects involved, characteristics of cases and controls, sample size, and so on.) are summarized in Table 1 and the results according to the populations studied in Table 2 . The pooled frequency of the E4 allele in hypertensive cases was 11.5% and in normotensive controls 10.4%. However, in the control subjects of Caucasian populations it was found to be 12.9%, whereas in Asians 9.4%.
In two of the contrasts examined, significant overall associations were found between the apoE polymorphism and the risk for hypertension (Figures 1 and 2 ). The multivariate random-effects method 8 yielded a non-statistically significant OR for the contrasts of each of the five different genotypes compared with the wildtype E3/3 but it should be mainly attributed to the small sample size used (17 studies). We then, proceeded by collapsing the genotypes and performing traditional univariate meta-analyses using standard random-effects methods. 9 The contrast of the E4 carriers versus non-carriers yielded a significant estimate (OR 1.16, 95% CI: 1.02-1.31, P-value ¼ 0.021) while populations of Asian descent constantly presented a more prominent risk (OR 1.41, 95% CI: 1.05-1.90, P-value ¼ 0.022) in a total of 13 940 cases and 16 364 controls. In this analysis, which was based on a total of 45 studies, there was clear evidence of heterogeneity between racial groups (P-value ¼ 0.039) indicating that there are significant differences of the estimates according to racial descent. The allele-based contrast, based on data from 21 studies, revealed also a statistically significant OR for the contrast of E4 allele versus the others (OR 1.39, 95% CI: 1.12-1.72, P-value ¼ 0.003) for the overall population and an OR equal to 1.49 (95% CI: 1.05-2.13, P-value ¼ 0.026) for the Asians in a subtotal of 6617 cases (13 234 alleles) and 7330 controls (14 660 alleles). However, in this analysis differences between races did not reach statistical significance (P-value ¼ 0.45). Nevertheless, the smaller subset of studies in this analysis should be held responsible for this result. In both contrasts considered (E4 carriers versus non-carriers and E4 allele versus the others) there was a statistically significant between-study heterogeneity as indicated by the P-value of the corresponding test (Po0.001 in both cases) and the large value of the I 2 index (68.9 and 79.2%, respectively).
In the influential analysis of E4 carriers versus non-carriers, there was evidence for two studies that had a greater effect to the overall significance of the estimates. The first study was that of Niu et al., 32 which if removed produced an overall estimate of 1.09 (95% CI: 0.98, 1.21) and the second one was that of DembinskaKiec et al., 33 which, if removed produced an overall estimate of 1.12 (95% CI: 0.99, 1.25). The same studies influenced the analysis of E4 allele versus the others and produced an overall estimate of 1.24 (95% CI: 1.04, 1.49) and 1.30 (95% CI: 1.06, 1.59), respectively, when removed. After removing each of the remaining studies and recalculating the overall estimate and the 95% CI for the remaining studies, the significance of the OR remained nearly unchanged.
In the cumulative meta-analysis of both contrasts, however, there was strong evidence suggesting that the first published study (Eto et al. 34 ) that reported a significant association for the E4 carriers, or the second one published (Isbir et al. 28 ) for the E4 alleles triggered the subsequent publication of other studies that tried to replicate the initial results. Even though, for both contrasts, the overall estimate obtained by the meta-analysis is significantly different than that of the first or the second study, respectively (0.67 versus 1.16 for the E4 carriers and 1.78 versus 1.39 for the E4 allele contrast). The inspection of the cumulative meta-analysis plots for the E4 carriers showed no evidence for trend of the effect estimates over time and the same conclusions were drawn from the formal regression-based statistical tests 18 ( Figure 3) .
Performing subgroup analyses for the two contrasts we found that there were significant differences between subjects of Caucasian and Asian racial descent, as the sub-analyses of Asians indicated a significant association in both contrasts (P-values 0.022 and 0.026, respectively), whereas the studies involving Caucasians yielded roughly significant estimates in E4 allele contrasts (P-value 0.057) and non-significant in E4 carriers contrasts (P-value 0.293) (Figures 1 and 2) . Furthermore, in both contrasts, studies in HWE produced a significant association whereas studies not in HWE did not. Excluding studies performed on hypertensive populations with co-morbidities (patients suffering from familial hypercholesterolemia, CHD, cerebrovascular disease, and so on) did not influence both contrasts significantly (Figures 1 and 2 ). Performing random-effects meta-regressions on various study-level covariates (SBP, diastolic BP, anti-hypertensive medications, latitude) in the subset of studies that reported these figures also failed to provide any significant findings. We also, intended to perform analyses for environmental factors that might influence the outcome such as smoking and alcohol consumption but the available data precluded these analyses. For instance, only three studies provided data for smoking habits for both apoE and cases/ controls. Similarly, only one study provided data for smoking as a potential confounder of the apoE-hypertension association and another one included data for alcohol consumption between apoE genotypes.
There was moderate evidence for publication or other smallstudy-related bias in both contrasts examined. When we restricted the analysis to studies on populations that were in HWE plus those in which deviations from HWE could not be detected, any evidence for publication bias was removed using Begg's test (Pvalue 0.087 for the E4 carriers contrasts and P-value 0.452 for the E4 allele contrasts) or the random-effects regression method (Pvalues equal to 0.193 and 0.215, respectively) (Figures 4 and 5) . Subgroup analyses revealed no publication bias in populations of Asian descent.
Performing subgroup analyses after grouping the studies according to the number of included cases yielded a positive trend for the E4 carriers versus non-carriers contrast, as the OR for studies with fewer than 200 cases was equal to 1.35 (95% CI: 1.07, 1.69), the OR for studies with cases ranging between 200 and 500 was 1.14 (95% CI: 0.85, 1.54) and the OR for studies with more than 500 cases was 0.96 (95% CI: 0.89, 1.04). This is another way of looking at the results for a possible publication bias, as this analysis suggests that smaller studies (with large variance) are more likely to favor the investigated association (larger OR). In the contrast of E4 allele versus the others, the smaller studies once again yielded a larger OR (1.77 (95% CI: 1.36, 2.31)), the intermediate a smaller OR (1.45 (95% CI: 0.58, 3.65)) and the larger studies an even smaller one (0.94 (95% CI: 0.82, 1.06)).
DISCUSSION
To our knowledge, this is the third published meta-analysis investigating the association between apoE gene polymorphisms and hypertension. In two recently published meta-analyses Health; OPERA, Oulu Project Elucidating Risk of Atherosclerosis; PATH, Personality and Total Health. The first author's name, the year of the publication, the country in which the study was conducted, the racial descent of the subjects included, the characteristics of cases and controls and the total counts, the reported E4 allele carriers, non-carriers and the E4 allele frequencies are listed here.
performed by the same research team, an attempt to explore this association has been performed, but the population studied was significantly smaller, generated wide CIs indicative of insufficient study power and overestimated the correlation giving a twofold increased risk of developing hypertension in Chinese individuals carrying the E4 allele. 35, 36 The meta-analysis performed here includes in total 45 studies with 13 940 cases and 16 364 controls and incorporated various parameters, the influence of which is often underestimated. These include the search for 'gray' literature, 37 the inclusion of non-English research papers 6 and the sensitivity analysis of studies not in HWE. 14 A problem in pooling data we have to address here is that of unpublished data. Figure 1 . Forest plot for the results of the meta-analysis of the E4 versus non-E4 carriers contrast. The random-effects method of DerSimonian and Laird was used with inverse-variance weights. The size of the estimate of each study is inversely proportional to its variance. We also list the results of subgroup analyses and heterogeneity diagnostics.
This problem relates to studies being executed, but not reported, usually because a significant association has not been found. Meta-analyses that exclude unpublished data likely overrepresent studies with statistically significant findings and inflate effect size estimates. 37 We tried to retrieve data from conference abstracts/presentations, supplements, proceedings of meetings or symposiums but our search yielded a limited number of data, most of which were incomplete or non-accessible. Additionally, we could not identify any registries with gene-gene or geneenvironment interactions and hypertension.
We have shown that the E4 allele is associated with an increased risk for hypertension. We identified two influential studies (Niu et al. 32 and Dembinska-Kiec et al. 33 ) both of which were performed in 'normal' populations with essential hypertension (Chinese and Polish, respectively) and, in the cumulative meta-analysis of both contrasts they were clearly responsible for more significant evidence favoring the association. The common feature of these studies is the significant discordance in the E4 allele frequency between controls and cases (5.72% in controls versus 20.07% in cases and 15.38% versus 40.83%, respectively). We should emphasize that when including only the studies in HWE and the studies performed on populations in which deviations from HWE could not be detected, the evidence of publication bias is significantly reduced, the results are more homogeneous and the magnitude or the significance of the association is not altered. In conclusion, the indications of publication bias, although disturbing and worth noticing, should be attributed mainly to the heterogeneity of the results.
Subgroup analysis including studies not in HWE failed to reproduce a relationship between apoE and hypertension resulting in a non-significant estimate for both contrasts (Figures 1 and  2) . This difference may be attributed to the fact that hypertension was defined as SBP4140mmHg in the majority of studies in HWE (5 out of 6) but only in 8 out of 15 studies not in HWE, while the rest of them used higher levels of SBP. Moreover, studies in HWE concern mainly 'normal' individuals with hypertension whereas studies not in HWE include hypertensive subjects with co-existing diseases. Thus, we may conclude that the confounding effect of HWE found in this meta-analysis could be explained by the different characteristics of the individuals included. Control subjects in studies not in HWE demonstrate higher BP levels and a greater morbidity compared with those in HWE.
In both contrasts examined, a constant finding was the more prominent association of the polymorphism with hypertension in Asian populations, as well as the homogenously statistically significant results, which in all cases yielded a P-valueo0.03, though w 2 test for heterogeneity between the racial groups did not reach statistical significance in E4 allele contrast. No publication biases were demonstrated in the comparisons within this subgroup. Neither the Begg's test nor the more sensitive random-effects regression method showed evidence of publication bias in E4 carriers contrasts (P-values equal to 0.827 and 0.814, respectively) and in E4 allele contrasts (P-values equal to 0.602 and 0.285, respectively). Based on the results obtained from the larger subset of 45 studies (that is, the E4 carriers contrast) we found that the risk for hypertension is higher mainly in populations of Asian origin. This is an important finding, suggesting that populations of Asian origin are at elevated risk for hypertension due to the presence of the E4 allele, in contrast to Caucasians. The reasons for this discrepancy may be attributed to other, not yet determined, genetic factors influencing the outcome, to some other unmeasured environmental variable or to lifestyle preferences. As a matter of fact, a large multi-center study has shown that there is an inter-correlation between SBP, the frequency of some identifiable alleles and the geographic latitude, and that these latter factors account for a substantial proportion of the worldwide variation of BP, suggesting that the current epidemic of hypertension is due to exposures of the modern period interacting with ancestral susceptibility. 38 The epidemiological causability relationship deciphered by this work concludes that an increase in latitude is associated with lower frequency of these alleles, as well as with increased SBP. The so called 'negative confounding' effect does not occur with apoE isoforms, as at high latitudes E4 allele frequency tends to be high and SBP is lower.
In our meta-analysis, data for smoking were available in 22 out of the 45 studies. The distribution of smoking across apoE genotypes or alleles was provided in 18 studies but only 10 of them included data for smoking between cases and controls. In the majority of these studies, the influential effect of smoking to the association between apoE and disease could not be estimated as data for smoking were given separately for apoE and cases/ controls groups, respectively. Additionally, in all apart from one study, 39 hypertension was not of the primary end points. Conclusions related to smoking as a potent confounder of the apoE-hypertension association could not be elicited directly from this meta-analysis.
Our study has a number of limitations. We did not manage to include unpublished data but the large number of cases and controls compared with previous meta-analyses gives sound evidence for the validity of the associations examined. Additionally, the nature of our study does not allow us to make inferences about causation, but merely the description of associations. Furthermore, we were unable to retrieve data on various potential confounders (total cholesterol (TC), LDL, high density lipoprotein (HDL), triglycerides (TG), and so on.) from the original publications, and only nine of them reported all the appropriate figures for the pre-specified covariates. The heterogeneous criteria used for the definition of hypertension (average BP4140/90mmHg, or 150/90, or 160/90, or 4160/95, or the use of anti-hypertensive medications) had a variable effect in the dichotomous classification of subjects into cases and controls. We attempted to correct for major confounders but we cannot rule out the effect of residual confounding by additional factors such socio-economic status, exercise or various lifestyle and dietary habits.
In conclusion, our data are in agreement with the view that carriers of the apoE4 allele demonstrate an increased risk of hypertension and this correlation is more prominent in populations of Asian descent, although this relationship is less marked than the previous meta-analyses have demonstrated. A causability relationship associates apoE gene polymorphisms with dyslipidemia and subsequently with hypertension; the biological mechanism of the proposed association remains to be elucidated. Additional and more carefully designed cross-sectional and prospective studies are needed in order to establish a more consistent view of these interrelations. For instance, performing large genetic association studies in hypertensive patients and normotensive controls, stratified by their lipid profile (TC, LDL, HDL and TG) will minimize the potential confounding by other factors predisposing to components of the metabolic syndrome. The underlying molecular causal pathways that confer susceptibility to hypertension are warranted to be established to provide biological or clinical validations of our findings.
What is known about this topic
ApoE single-nucleotide polymorphisms are among the potential candidate genes that may serve as modulators in susceptibility to essential hypertension. Several studies have evaluated the relationship between apoE alleles (particularly the E4 allele) and the incidence of hypertension, often yielding conflicting results. Previous meta-analysis with insufficient study power showed that the presence of the apoE4 allele is associated with a nearly twofold increased risk of hypertension and this association was more prominent among the Asian populations. 
